Enzymatically
modified proteins produced from gelatin by papain-catalyzed incorporation of leucine hexyl ester and leucine dodecyl ester, designated as EMG-6 and EMG-12, respectively, are known to be potent surfactants [Agric. Biol. Chem., 46, 173 (1982) ].
In the present study, experiments were carried out to characterize the phase behavior of these surface-active proteins in concentrated aqueous systems at elevated temperatures.
For 60%-and 70%-EMG products, it was found that their elasticity and viscosity as represented by the storage modulus (Gf) and loss modulus (G"), respectively, decreased greatly at 30°C and 80°C. Polarized microscopic observations showed that in the temperature range of 30~80°C, a liquid crystalline structure of a lamellar type was formed. Differential thermal analysis demonstrated that, in accordance with the liquid crystal formation, an endothermic process took place, which gives evidence for an energetic change associated with this phase transition. Such phase transition phenomena were not observed for a gelatin hydrolysate, bovine serum albumin and casein used as controls.
The phase behavior of surfactants in concentrated aqueous systems depends on their composition as well as on ambient temperature. Phase transition phenomena usually take place with low-molecular-weight surfactants and are often represented by phase diagrams. The phase diagrams have been made up by polarized microscopy,1* visual observation,2* X-ray diffraction3) and differential scanning calorimetry (DSC).4) One of the most pronounced characteristics in phase behavior would be the formation of a liquid crystalline structure under certain conditions.
Although this phenomenon has sometimes be observed for high- were prepared in a range of 10~90% (w/w) in 10% increments. A small amount of each mix was spread on a slide glass, covered with a glass slip and then sealed with paraffin. The slide glass was heated at 90°C for 3min on a hot plate. Observations of birefringence with a polarized microscope (Olympus Kogaku Kogyo BHSP) were made at 10°C intervals by using a thermocouple detector (Toyo Seiki).
RESULTS AND DISCUSSION

Changes in viscoelasticity
When the elasticity and viscosity of EMG-6 and EMG-12 aqueous mixes were represented by the storage modulus (G ) and loss modulus (G") as functions of temperature and composition, it was found that the behavior of the EMG products was greatly different from that of the control samples. Gf values observed for the 60%-and 70%-EMG-12 mixes remained constant over a range of 5~30°C (Fig. 1 mixes by a thermal differential analysis. Endotherms were observed for the 50%-, 60%-, 70%-and 80%-mixes of EMG-6 and for those of EMG-12 (Fig. 3) . These endothermic reactions took place almost exactly at the temperature that induced distinct decreases in the Gf and G" values ofEMG-6 and EMG-12. The temperatures at which endotherms were observed increased depending on the concentration of EMG-6 and EMG-12. A similar change in phase transition temperatures has been observed for low molecular weight surfactants such as monopalmitin.Ĥ owever, no endotherms were observed for GH and casein (Fig. 3 ). BSA produced a broad endotherm around 60°C due to thermal denaturation.
Liquid crystal observed with a polarized microscope Polarized microscopy showed that a crossshaped, liquid crystalline structure occurred when a 60%-EMG-12 mix was exposed at 40°C (Fig. 4) . The structure seemed to be of a lamellar type.25) Neither at 10°C nor at 80°C, however, was a liquid crystal formed. Birefringence was observed only around the foams. Thus, we tried to define the conditions under which a liquid crystal was formed.
When the 70%-EMG-12 mix was exposed to various temperatures, it was found that a liquid crystal formed in the range of 30~80°C (Fig. 5) . The lower temperature limit was in agreement with the temperature at which the G' and G" values decreased clearly ( Fig. 1 and  2 ) and an endotherm was observed (Fig. 3) ed that the phase transitions observed for the EMG-6and EMG-12 mixes are not as obvious as those observed for synthetic low molecular weight surfactants. A liquid crystal had not previously been observed for proteinaceous substances, and the present study probably offfers the first example of such a phase transition.
